Betaine counteracts urea-induced conformational changes and uncoupling of the human erythrocyte Ca2+ pump.
We have investigated the effects of the protein structure-perturbing and function-perturbing osmolyte urea, and one of its physiological counteracting solutes, the methylamine compound (carboxymethyl)trimethylammonium hydroxide (betaine), on the structure and function of the human erythrocyte plasma-membrane Ca(2+)-ATPase. Betaine per se promoted a conformational change in the purified ATPase as revealed by steady-state and time-resolved intrinsic fluorescence spectroscopy. The conformational change promoted by betaine was shown to be related to changes in the degree of compaction of the protein structure, as detected by fluorescence-quenching measurements using acrylamide and iodide, non-charged and charged quenchers, respectively. In contrast, urea promoted a biphasic increase in exposure of tryptophan residues of the purified ATPase to the aqueous medium. With the use of membrane-bound ATPase, increasing concentrations of urea up to 1.5 M promoted a twofold increase in the Ca(2+)-ATPase activity, and the simultaneous inhibition of Ca2+ accumulation indicated that ATP hydrolysis became uncoupled from Ca2+ transport. Higher urea concentrations promoted a pronounced inhibition of ATP hydrolysis. In the absence of urea, betaine decreased ATP hydrolysis without affecting Ca2+ transport, whereas it counteracted the strong inhibition of Ca(2+)-ATPase activity by urea concentrations as high as 7 M. Betaine also protected Ca2+ accumulation against inhibition with concentrations of urea up to 1.5 M, indicating that the methylamine is able to counteract the uncoupling of the ATPase observed at lower urea concentrations. These results suggest that betaine modifies the effects of urea on the erythrocyte Ca(2+)-ATPase, through specific solute-induced conformational changes that protect the energy-transduction capacity of the enzyme.